For tonsillectomy, theultrasonicharmonicscalpelhasbeen purported to cause less tissue injury and postoperative morbidity whileproviding adequate levels of hemostasis. Weundertook aprospectivestudy tocompare outcomes in 162 patients who had undergone harmonicscalpel tonsillectomy and 40 patients who had undergone monopolar diathermy tonsillectomy overa33-monthperiod.Wefound that patients in the harmonic scalpel group experienced significantly less intraoperative bleeding (5.0 vs. 16.5 ml; p < 0.000l) . There wasno clinically significant difference between thegroups with respect to (l) theamount ofoperating time, (2) the incidence of postoperative nausea and vomiting, dysphonia, andprimary orsecondary bleeding, and (3) the amount of time patients needed to resume normal diet and activities.
Introduction
Ton sillar surgery, which was referred to by Celsus as far back as th e 1st century AD,I has been undertaken with a ran ge of surg ical instrument s and techniques. Th e mo st common tonsillectomy techniques employed at our hospitals are electrocautery with monopolar or From bipolar diathermy, cold dissection, plasma-mediated radiofrequency-based ablation (Coblation), and ultrasonic dissection . Evidence for the advantages of some techniques over others is frequently limited, and the optimum technique and instru mentation for ton sillectomy are still con troversial.Th e vast majority ofauthors report pos itive findings for whichever instru ment or technique is being studied. Despit e significant refinements in surgical technique, instrumentation, and ane sthesia delivery, postoperative complicatio ns and a relatively slow return to normal diet and activiti es remain significant challenges for surgeons and patients alike. The goals of the development of new techniques should be to reduce the degree of po stope rat ive pain, nau sea, and vomi ting and the amount of primary « 24 hr) and secondary (>24 hr ) bleeding. Another important objective should be to shor ten the amount of time needed to resume normal diet and activities. Finally, new techniques should also be easy to learn and perform.
The mo st com m on modality used for tonsillectomy in New South Wales, Australia, is electro dissection tonsillectomy with monopolar diathermy. Thi s technique is associated with a shorter ope rating time and less intraoperative bleeding compared with cold dissection techniques, but th ere is some evidence that it may cause mo re postoperative pain and bleeding. ' We had an interest in investigating an instrument-the ultrason ic harmonicscalpel (Ethicon Endo-Surgery;Cincinnati)th at would allow us to (1) control intraoperative bleeding to the extent achieved with electrocautery and (2) reduc e the degree of tissue damage and postoperative morbidity.
Th e harmonic scalpel was introduced in 1992. It is ENT-Ear, Nose & Throat Journal s June 2008 a handheld device th at is equipped with an ultrasonically activated blad e tip th at vibrates at 55,500 cycles per second. The blade simultaneo usly cuts tissue and coagulates it bybre akinghydrogen bonds and denaturing protein to form a sticky coagulum.' With th e harmoni c scalpel, coagulation occurs at a temp erature between 50 and 100°C; with electrocautery, coagulation occurs between 150and 400°C.Thus, th e harmonicscalpel should limit thermal damage and th ereby reduce postoperative morbidity." Moreover, it should improve visibility in th e sur gical field because it causes less charring, desiccation, and smoke form ation than do electrocautery and laser techniques.'
The harmonic scalpel has been used successfully in a variet y ofsurgical proc edures-primarilyintra -abdominal,intrathoracic, and gynecol ogic operations."!' It has also been evaluated in a number of animal studies with respect to bleeding,healing,and adhesion formation, but tho se result s havebeen mixed.v" Its use in tonsillectomy was first describ ed by Ochi et al in 2000. 13 Since then , a number of studies have been published, but only four compared the harmonic scalpel with electrocautery.":" In this article, we present the results of our comparison of the harmonic scalpel and mon opolar diathermy.
Patients and methods
This prospective study was designed to analyze outcomes in patients who had undergone ton sillectomy or adenotonsillectomywith either the harmonic scalpel or monopolar diat hermy between March 1,2002, and Nov. 30,2004 . Duringthis period, 202 patients were recruited into the study. Of these, 162 underwent tonsillectomy with the harmonic scalpel and 40 with monopolar diathermy. In the harmonic scalpel group, 46 patients underwent tonsillectomy alon e and 116 underwent ton sillectomy with adenoidectomy. The cor responding numbers in the monopolar diath erm ygroup were 18 and 22. Patients' ages ranged from 2 to 65 years; the me dian age of th e harmonic scalpel gro up was 5.3 years, and the median age of the diath ermy group was 14.1 years-a statistically significant difference (p = 0.006). Patien ts were recru ited at the tim e of th eir private consultation , and con sent was obt ained th en.
The details of each op eration were recorded by th e sur geon at the time of sur gery. Patients were blinded as to the type of op eration.Th e mo st common indications for surg ery were recurrent ton sillitis, obstructive sleep apnea, or both.
All procedures were performed by one of four consultant surg eons (R.S., M.E, N.B., or W.L) at one of Volume 87, Number 6 two private Sydn ey hospitals (the Mater Hospital or th e Sydn eyAdventist Hospital).Allsurger ieswereperformed with genera l anesthesia. An extra capsular dissection technique was used in both gro ups. Hemo stasis was achieved solelywith th e instru ment under investigation. Th e length of th e operati on was calculated from the tim e the first incision was made un til hem ostasiswasachieved. Intraop erative blood loss was estim ated by assuming that a single soaked piece of Raytec gauze would hold 5 ml of blood; the amount of any suctioned blood was also estimated. No postop erative dietary restrictions were placed on patients becaus e there is evidence that maintenance of a normal diet results in a more rapid recovery.IS All patients were discharged within 24 hours and given 5 days of oral cephal exin (or erythromycin for allergic patients) and a pr escription for paracetamol (acetaminophen) with codeine ph osphate tablets.
Each patient or primar y caregiver was supplied with a 14-d ay diar y in which to score th e patient 's symptoms and activities by choosing from a gra ded list. These categories served as th e primary outcom e variables: ( 1) th e incidence of postoperative nausea and vomiting, dysphonia, and bleedin g and (2) the amount of tim e needed to resume normal diet and activities. Th e diaries were returned to th e primar y surgeon at th e 2-week follow-up visit. Secondary outcomes of interest were recorded by th e sur geons; the y included th e length of the operation and th e amount of intraoperative bleeding.
All analyses were performed with SAS version 8.2 software (SAS; Cary, N.C.) . Given the nonparametric distr ibutions of all outcomes, comparisons between methods were made with Wilcoxon rank-sum tests. Result s were reported as median s with an interquartile ran ge (IR). (The IR is a measure ofstatistical dispersion. It represent s the distance between th e 75th and 25th percentil es. It is a more stable statistic than the total ran ge.) Th e tim e requi red to resume normal activities was analyzed as surv ival data with log-rank tests; all patients who had not returned to norm al by study's end were assigned the maximum tim e (14 days), and the se data were tr eated as censore d data. A two-sided p value of 0.05 was con sidered to be statistically significant. Because of non-normality, no multivariate analysis was performed.
Results
Operating time. The median operating time in the two gro ups was the same: 20 minutes.
Intraoperative bleeding. There was a statistically www.ent journ al.com • 347 significant difference in the amount of intraoperative blood loss between the two groups. The harmonic scalpel group lost a median of 5.0 ml (IR: 5 to 10) and the diathermy group a median of 16.5 ml (IR: 10 to 27.5) (p < 0.0001).
Nausea and vomiting.
Although there was a statistically significant difference in nausea and vomiting scores reported by patients in the two groups on day 9
(p = 0.002) and day 12 (p = 0.038), the median scores of both groups on those days were identical. There was no significant difference in the number of days it took patients in the two groups to report normal scores. On a scale of 1 (severe nausea and vomiting) to 5 (no nausea and vomiting), the median score for all days was 4.9 (IR: 4.7 to 5.0) in the harmonic scalpel group and 4.8 (IR: 4.6 to 5.0) in the monopolar diathermy group (p = 0.04). One patient in the diathermy group was still nauseous at the end of the study, whereas all harmonic scalpel patients reported normal nausea scores by that time (p =0.041). While some of these differences were statistically significant, they were not likely clinically significant.
Dysphonia. There was no significant difference in dysphonia scores between the two groups.
Postoperative bleeding. One patient in each group experienced a primary hemorrhage. There was no significant difference in the amount of blood loss reported by the two groups on any postoperative day.
Return to normal diet and activities. There was no significant difference in eating scores between the two groups apart from a marginally significant difference on day 4 (p = 0.049); however, the mean scores reported by both groups on day 4 were the same . Patients in the harmonic scalpel group needed an average of 10 days (IR: 8 to 13) to resume eating normally, compared with an average of 11 days (IR: 10 to 13) for the diathermy patients-not a significant difference. All patients reported normal eating scores by the end of the follow-up period.
No significant difference was seen in drinking scores between the two groups on any individual day. Patients in the harmonic scalpel group required a median of 8 days (IR: 5 to 11) to return to normal levels of drinking, and the patients in the diathermy group needed a median of9 days (IR: 6.5 to 11)-again, not a significant difference. All patients reported normal drinking scores by the end of the follow-up period.
Patients in the harmonic scalpel group reported marginally better activity scores on days 3, 6, and 7 (p < 0.01). They required a median of 10 days (IR: 7 to 12) to 348 • www.entjournal.com return to normal activities, while the diathermy groups required 11 days (IR: 9 to 12)-another nonsignificant difference. All patients in both groups had returned to their usual level of activities by postoperative day 14.
Discussion
New surgical instruments that are purported to benefit both surgeons and patients are being developed and marketed at a rate not previously seen. The findings of early studies of these new instruments are mostly positive. The results of our study suggest that tonsillectomy with the harmonic scalpel may result in less intraoperative blood loss,butthis procedure was no different from monopolar diathermy in all other outcomes measured.
Our study found that harmonic scalpel tonsillectomy did not take any longer to complete than did monopolar diathermy tonsillectomy. This finding confirms those of several other authors. 17, 19, 20 On the other hand, Willging and Wiatrak found that using the harmonic scalpel required significantly more time per tonsil (8 min 42 sec) than did conventional electrocautery (4 min 33 sec)." As far as we know, no study has found that use of the harmonic scalpel significantly reduces operating time .
The amount ofintraoperative blood that islost during tonsillectomy depends on a number of factors, including the surgeon's experience, the status of the tonsil, the speed ofthe surgery, the instrument used for dissection, and the method of achieving hemostasis. The method of recording blood loss is also important, with objective measures being preferred.
Intraoperative blood loss during harmonic scalpel tonsillectomy has been examined in a number of series. In their comparison of the harmonic scalpel and electrocautery, Willging and Wiatrak found no significant difference in the amount of intraoperative blood loss.IS On the other hand, Collison and Weiner reported significantly less blood loss during harmonic scalpel tonsillectomy (mean: 6.2 ml) than during cold dissection with suction electrocautery for hemostasis (mean: 58.8 ml)." Likewise, Kamal et al found that the harmonic scalpel was associated with significantly less intraoperative blood loss (6.2 ml) than was cold steel tonsillectomy with bipolar diathermy for hemostasis (49.4 ml)."
In our study, patients in the harmonic scalpel group reported significantly less nausea and vomiting on days 9 and 12, as well as overall. However, the magnitude of the difference was small and is unlikely to be clinically significant. Postoperative dysphonia was not an issue.
No significant difference in postoperative bleeding was ENT·Ear, Nose & Throat Journal· June 2008 seen between our two groups.The validity ofthis finding is supported by th e results of a number of comparisons of harmonic scalpel tonsillectomy with eith er cold steel or electrocauter ytechniques.t-l-":" Kamal et al reported no postoperative bleeding at all in 180 patients who had undergone harmonic scalpel tonsillectomy," However, giventhe low incidenceof secondary hemorrhage overall, it is possible th at many studies (including ours) might have been insufficiently powered to detect a significant difference if one did exist. We found no difference in the number of days that passed before patients in our two groups were able to resume a normal diet. Likewise, in a comparison of harmonic scalpel and elect rocautery tonsillectomy, Morgenstein et al found no difference in the number of days that had passed until patients in the two groups could tole rate soft food or a regular diet ." However, Walker and Syed found that patients who underwent harmonic scalpel tonsillectomy reported better dietary scores at 24 and 48 hours than did an electrocautery group." Likewise, Oko et al found th at harmonic scalpel pat ients had significantly better dietary scores than did blunt dissection patients on postoperative days 1, 5,7, and 9,21
There was also no difference in the rate of return to normal activiti es in our study. Only on e other study has previou sly analyzed activity as an outcome in harmonic scalpel investigation. Walker and Syed found that more harmonic scalpel patients returned to regular activities at 24 and 72 hours than did electro dissection patients." However, this was significant only for patients younger than 7 years .
The outcomes we obtained in our study might have been influenced by a number of confounders. For one , patients were not randomized into treatment groups, and this might have resulted in a number of significant differences in baseline patient characteristics. For example, patients in th e harmonic scalpel group were younger by a difference in the medians of 8.8 years (p = 0.006). It is also possible that patients who were operated on by different surgeons or at different hospitals might have received slightly different treatment and postoperative care. Finally, there was a higher proportion of patients in the harmonic scalpel group than in the monopolar diathermy group.
In conclusion, we found that the use of the harmonic scalpel for tonsillectomy resulted in significantly less intraoperative bleeding than did the use of monopo lar diathermy, but ther e were no other clinically significant differences between th e two tech niques. Larger, ran-Volume 87, Number 6 domized studies are needed to confirm or refute our findings and to help determine whether the harmonic scalpel offers any additional benefits over traditional ton sillectomy instrumentation.
